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Abstract—In Malaysia, ICTs have been identified as a crucial 
enabler in the knowledge-based economy to facilitate the 
acquisition, utilization, and dissemination of knowledge towards 
enhancing the economic and social values of society. Numerous 
programmes have been organized, developed, designed and 
executed to optimize the usage of these ICT Public access centres 
(telecentres). This paper presents a computational model that 
addresses important factors contributing to the effective usage 
of telecentres.  Simulation was used to show the behaviors 
produced by the model.  Several cases of different scenarios 
showed various patterns being produced thus, indicating that 
the model is able to reproduce interactions among selected 
scenarios in the literature. In addition, the model was evaluated 
using mathematical analysis and automated verification. 
 
Index Terms—Mathematical Evaluation; Telecentre; 




Obtaining access to Information Communication 
Technologies (ICTs) and using them actively has been linked 
to the advantages of demographic and socio-economic 
characteristics, namely; income, education, geographic 
location (urban-rural), skills, awareness, political and cultural 
perspectives. In this context, it is equally important to ensure 
that all clusters of society in Malaysia have equitable access 
to ICT and have the adequate capacity to improve their socio-
economic status, as a result from the digital access. To 
consolidate this initiative, the National Strategic Framework 
for Bridging the Digital Divide (NSF-BDD) was formulated 
[1]. The formation of ICT public access centres (telecentres) 
across the country is one of the initiatives under the NSF-
BDD programmes. There are more than 2000 telecentres have 
been established to support the BDD programmes [2]. 
However, a number of telecentres have been under-utilized 
and even reaching a point of closure due to several factors. 
Thus, it is important to understand the underlying mechanism 
that leads to those events and take necessary steps to avoid 
the risk. The aim of this paper is to present a computational 
model that can be used to simulate the dynamics of telecentre 
effective usage as one of the methods to provide early insights 
of overall telecentre’s operation and its possible outcomes. 
 
II. IMPORTANT CONCEPTS IN EFFECTIVE USAGE OF 
TELECENTRE 
 
There is a number of factors associated with users’ attitudes 
and motivation towards telecentre usage [3]. These factors 
can be classified into three categories namely openness, 
readiness, and ICT programmes. In general, openness refers 
to a tendency to accept new ideas, methods, or changes. In the 
context of telecentre usage, Turpin and Ghimire [4] define it 
as the capacity of users to access and share information and 
applies it for productive practices. This includes the ability to 
comprehend the importance of ICT in achieving one’s goal, 
acquiring ICT skills and knowledge, and participating in 
telecentre’s activities [5]. ICT awareness is about the ability 
to understand the importance of ICT tools and applications 
and hence lead to the usage of ICT facilities [6,7]. ICT 
awareness therefore is characterized by their ability to use 
ICT facilities and applications to solve problems. In order to 
drive openness and ICT awareness, relevant ICT programmes 
have to be organized. The programmes serve as platforms to 
gain openness and ICT awareness [2]. 
The above-mentioned factors are related to perceived 
control, self-efficacy, competence and motivation as 
described by [3]. Perceived control refers to the ability of the 
users to readily acquire ICT skill and knowledge and seek to 
be more efficient in getting information and use the skills to 
improve their socio-economic well-being [3]. Self-efficacy 
denotes the users’ ability to achieve the desired goals when 
they have the skills and knowledge in ICT. Competence 
factor reflects the users’ needs to improve their technical 
skills and knowledge. Motivation factors are what motivate 
themselves in enriching their capabilities. These cover both 
intrinsic and extrinsic factors. In addition to those factors, 
other external factors that are pertinent to telecentre effective 
use are social and economic policy [8,9], external support 
[5,10], and community engagement [11].  
Policies, both social and economic, that support such ICT-
based projects indicate government’s strong support and 
seriousness in the effort to leverage the ICT uptake by the 
rural dwellers [6,12]. Similarly, external support, particularly 
in terms of financial and responsible personnel from the 
government, private institutions and non-governmental 
organizations is also important in ensuring the life of a 
telecentre project [8,13,12]. 
 In short, the following relations can be identified from the 
literature; (1) community engagement, policies (social and 
economic), support, and ICT programmes are among 
important external factors to ensure effective telecentre 
usage; (2) improvement in ICT awareness and ICT 
competence will increase community’s motivation to deploy 
ICT in their daily living; (3) social and economic 
development are related to the executed policies, competence, 
support, community engagement; and (4) a combination of 
local long-term socio and economic development will reflect 
the effectiveness of telecentre usage. 
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III. MODELING APPROACH 
 
The characteristics of the proposed model are based on the 
factors discussed in the previous section. These factors are 




Figure 1: Conceptual Model Telecentre Effective Usage 
 
The nodes are represented as variables that can contain 
values ranging from 0 (low) to 1 (high). The interaction will 
determine a new value, either by a series of accumulations 
(temporal relation) or an instantaneous interaction for each 
node.  In this paper, only temporal relations are shown, 
namely; ICT awareness (Ca), community engagement (Ce), 
long-term economic (Le) and social (Ls) development, and 
effective usage (Eu). In addition, the rates of change for all 
temporal relationships are determined by flexibility 




= 𝛽𝑐. (𝐶𝑝(𝑡) − 𝐶𝑎(𝑡)). (1 − 𝐶𝑎(𝑡)) (1) 
 
Here, ICT awareness level builds or reduces over time. 
When community programme (Cp) is higher than the ICT 
awareness level multiplied with the contribution factor, C 
then the ICT awareness level increases. Otherwise, it 
decreases depending on its previous level and contribution 
factor. This condition also can be used to explain the other 





 = 𝜑𝑐 . (𝐸𝑢(𝑡) − 𝐶𝑒(𝑡)). (𝐶𝑒(𝑡)). (1 − 𝐶𝑒(𝑡)) (2) 
𝑑𝐿𝑒(𝑡)
𝑑𝑡
= 𝛽𝐿. (Pos(𝐸𝑑(𝑡) − 𝐿𝑒(𝑡)). (1 − 𝐿𝑒(𝑡))




= 𝜃𝑆. (Pos(𝑆𝑠(𝑡) − 𝐿𝑠(𝑡)). (1 − 𝐿𝑠(𝑡))











) . (1 + 𝑒−𝛼.𝜏)  
and  𝐶𝑏(𝑡) = 𝜑𝑢 . 𝐿𝑠(𝑡) + (1 − 𝜑𝑢). 𝐿𝑒(𝑡) 
(6) 
where  is a steepness factor, 𝜑𝑢 is a proportionate rate and 
  a threshold parameter.  
In this choice, a common practice is followed (logistic 
function) but other types of combination functions can be 
specified as well. The operator Pos for the positive part is 
defined by Pos(x) = (x + |x|)/2, or alternatively; Pos(x) = x if 
x  0 and 0 else. Using all defined formulas, a simulator has 
been developed for experimentation purposes; specifically to 
explore interesting patterns and traces that explains the 
behaviour of the formal model. All simulation results were 
generated and stored in spread sheets for further analysis. 
 
IV. SIMULATION RESULTS 
 
The proposed model was tested through several scenarios 
to generate a number of simulation traces. However, for the 
sake of brevity, only three types of scenarios are discussed: a 
realistic effective usage case (A), a one-off execution case 
(B), and a non-supportive case (C). The initial settings for 
ICT programme, external support, social and economic 
policies based on the three scenarios respectively are: A 
(consistent, consistent, high impact, high impact), B (one-off, 
one-off, low impact, low impact), and C (inconsistent, 
inconsistent, low impact, low impact).  In addition, there are 
several dynamic parameters that were used to simulate 
different characteristics. These include the following settings: 
tmax = 500 (to represent a monitoring activity up to 730 days), 
t = 0.3, regulatory rates = 0.5, initial temporal values = 0.5, 
and flexibility rates = 0.2. These settings were obtained from 
several experiments to determine the most suitable values for 
the model. Figure 2 visualizes a condition when all external 
factors are consistent, for example, these are; 1) the ICT 
training programmes are organized as scheduled, 2) good 





Figure 2: Simulation Trace for Case #1 
 
Facing such encouraging conditions, it will later boost the 
development of both, social and economic development in the 
long run. As a result, the effective usage will increase, which 
later improve the effect of ICT usage through more positive 
community engagement. This condition occurs when 
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positive impacts towards improving their quality of life 
[3,20,23]. In Figure 3 different scenarios can be seen when a 
new kind of condition to simulate one-off training 
programmes and external support was introduced. This 
condition comprises of two parts: the first part is one with 
very high constant value (up to 90 time steps), and is followed 
by the second one, with a very low constant value (until the 




Figure 3: Simulation Trace for Case #2 
 
The simulation results show that the ICT awareness and 
local economic development levels slightly rising up at the 
beginning of the simulation steps, and later gradually 
decreasing along with several other indicators [14,19,20,23]. 
It reflects a condition when the telecentre is no longer 
functioning to serve the community after its first inception. 
Moreover, a number of ineffectiveness of the telecentre 
usages can be traced back from this very problem. In addition, 
another case was simulated where all initial values were very 
low (Case # 3). The effective usage level in this case 
decreases which shows the direct impact of low ICT 
awareness and community engagement levels among the 
community [14,19,20,21,23]. This case represents the effect 
of having a telecentre just as a quick win project but there is 
no long-term plan being designed to support its operation 
[19,20,23]. In comparison to the real situation, to the 
knowledge of the authors, a model that represents the most of 
highlighted claimed cases was not yet available. However, 
there is an attempt to model the causal relationship of ICT 
intervention with quality of life [23]. Nevertheless, it is yet to 
be tested. This is an attempt to construct computational 
underlying properties through simulations and to evaluate 
these properties based on existing cases. Furthermore, this 
new concept explores to bridge different methods in 
investigating interesting phenomena in social sciences and 
humanities. 
 
V. MATHEMATICAL ANALYSIS 
 
This section addresses the formal analysis of the 
mathematical model and the simulation results presented 
above by means of a mathematical analysis of the equilibria 
of the model. The equilibria describe situations in which a 
stable situation has been reached. Those equilibria are 
interesting as it should be possible to explain them using the 
knowledge of the domain that is modelled [11,15,16]. As 
such, the existence of reasonable equilibria is an indication 
for the correctness of the model. To analyze the equilibria, the 
available temporal and instantaneous equations are filled with 
values for the model variables such that the derivatives or 
differences between time point t and t + t are all 0. The 
dynamic part of the model written in differential equation 




=  𝛾𝑜. (𝑆𝑒(𝑡) − 𝑂𝑝(𝑡)) (7) 
𝑑𝐶𝑎(𝑡)
𝑑𝑡
=  𝛽𝑐. (𝐶𝑝(𝑡) − 𝐶𝑎(𝑡)). (1 − 𝐶𝑎(𝑡)) (8) 
𝑑𝐿𝑚(𝑡)
𝑑𝑡
= 𝜑𝑙 . (𝑃𝑜𝑠(𝑆𝑚(𝑡) − 𝐿𝑚(𝑡)). (1 − 𝐿𝑚(𝑡))




=  𝛼𝑐. ((𝜎𝑐. 𝐿𝑚(𝑡) + (1 − 𝜎𝑐). 𝐶𝑟(𝑡))




=  𝜑𝑐. (𝐸𝑢(𝑡) − 𝛽𝑐. 𝐶𝑒(𝑡)). (𝐶𝑒(𝑡)). (1 − 𝐶𝑒(𝑡)) (11) 
𝑑𝐿𝑠(𝑡)
𝑑𝑡
=  𝛽𝑙 . (𝑃𝑜𝑠(𝐸𝑑(𝑡) − 𝐿𝑠(𝑡)). (1 − 𝐿𝑠(𝑡))
− 𝑃𝑜𝑠 (−(𝐸𝑑(𝑡)




=  𝜃𝑆. (𝑃𝑜𝑠(𝑆𝑠(𝑡) − 𝐿𝑒(𝑡)). (1 − 𝐿𝑒(𝑡))
− 𝑃𝑜𝑠 (−(𝑆𝑠(𝑡)




= 𝜃𝑢 . (𝑆𝑔(𝑡) − 𝐸𝑢(𝑡)). 𝐸𝑢(𝑡). (1 − 𝐸𝑢(𝑡)) (14) 
 
For an equilibrium it has to hold that all of the 


























= 0   (16) 
 
Assuming all parameters are nonzero, this provides the 
following equilibrium equations: 
 
𝑃𝑜𝑠(𝑆𝑚(𝑡) − 𝐿𝑚(𝑡)). (1 − 𝐿𝑚(𝑡)) = 0 (17) 
 −𝑃𝑜𝑠 (−(𝑆𝑚(𝑡) − 𝐿𝑚(𝑡)). 𝐿𝑚(𝑡)) = 0 (18) 
 
Notice that Pos(x) > 0, so Equation 17  is equivalence: 
 
𝑃𝑜𝑠(𝑆𝑚 − 𝐿𝑚). (1 − 𝐿𝑚) − 𝑃𝑜𝑠(−(𝑆𝑚 − 𝐿𝑚). 𝐿𝑚) = 0 (19) 
 
This provides cases: 
 
(𝑆𝑚 ≤ 𝐿𝑚 ∧ 𝑆𝑚 ≥ 𝐿𝑚) ∨ (𝑆𝑚 ≤ 𝐿𝑚 ∧  𝐿𝑚 = 0) ∨ 
(𝐿𝑚 = 1 ∧  𝑆𝑚 ≥ 𝐿𝑚) ∨ (𝐿𝑚 = 1 ∧  𝐿𝑚 = 0)          (20) 
 
The latter case cannot exist, and as 0   Lm  1 the other three 
cases are equivalent to Sm=Lm. Table 1 provides the 
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Table 1  
Equilibrium Equations for Respective Variables 
 
Concept Equilibrium 
Op Se = Op 
Ca Cp =Ca or Ca =1 
Lm Sm = Lm 
Cp 
(cLm– (1-c).Cr)/c  or  Cp = 1 or Cp=0; 
c ≠0 
Ce Eu/βc or Ce = 0 or Ce=1; βc ≠0 
Ls Ed=Ls or Ep=0 
Le Ss=Le or Sp =0 
Eu Sg=Eu or Eu=0 or Eu=1 
 
Note that for each of the distinguished cases, further 
information can be found about the equilibrium values of 
other variables using the other non-dynamic-equations. 
Theoretically spoken this amounts to almost 84 = 256 possible 
equilibria. Note that the last equation (24) is isolated from the 
others, and therefore can be handled separately. But for the 
other three still 27 possibilities remain. Also given the other 
Equations (13) to (20) with the 10 input variables, this makes 
it hard to come up with a complete classification of equilibria. 
However for some typical cases the analysis can be pursued 
further. 
 
Case #1: Se=Op 
𝑃𝑐 = 𝑤𝑐. 𝐶𝑝 + 𝑤𝑜. 𝑆𝑒 
𝑆𝑠 = (𝜌𝑑. (𝑤𝑑. 𝐸𝑑 + 𝑤𝑠. 𝐶𝑒) + (1 − 𝜌𝑑). (𝑤𝑒. 𝑂𝑝 + 𝑤𝑝. 𝐶𝑝)). 𝑆𝑝 
 
Case #2: Ce= Eu /βc 
𝑆𝑠 = (𝜌𝑑. (𝑤𝑑. 𝐸𝑑 + 𝑤𝑠. 𝐸𝑢/β𝑐) + (1 − 𝜌𝑑). (𝑤𝑒. 𝑂𝑝 + 𝑤𝑝. 𝐶𝑝)). 𝑆𝑝 
 
Case #3: Cp= (cLm– (1-c).Cr)/c 
𝑆𝑚 = 𝜌𝑠. 𝐶𝑎 + (1 − 𝜌𝑠).(cLm– (1-c).Cr)/c 
𝑆𝑒 = 𝛼𝑠. (c𝐿𝑚– (1 − 𝑐). 𝐶𝑟)/𝑐 + (1 − 𝛼𝑠). 𝑃𝑐 
𝑃𝑐(𝑡) = 𝑤𝑐. (c𝐿𝑚– (1 − 𝑐). 𝐶𝑟)/𝑐 + 𝑤𝑜. 𝑂𝑝 
 
VI. AUTOMATED VERIFICATION 
 
In order to verify whether the model indeed generates 
results that adhere to related cases, a set of properties have 
been identified from related literatures. These properties have 
been specified in a language called Temporal Trace Language 
(TTL).The special software environment developed for TTL, 
features both a Property Editor for building and editing TTL 
properties, and a Checking Tool that enables formal 
verification of such properties against a set of (simulated or 
empirical) traces [8]. This checking tool provides support for 
the automated analysis of simulated traces. A number of 
simulations including the ones described in previous section 
have been used as basis for the verification of the identified 
properties and were confirmed. Note that tb and te are the 
initial and final time points of the simulation period. 
 
A. VP1: Monotonic Increase of Effective Usage 
For all time points t1 and t2 between tb and te in trace 1 if 
at t1 the value of  the effective usage is R1 and at t2 the value 
of the effective usage is R2 and t1 < t2, then R1 ≤ R2. 
 
VP1 : TRACE, R1, R2: REAL, t1,t2:TIME, A1:AGENT 
[state(,t1)|= effective_usage(A1, R1) &  state(,t2)|= effective_usage (A1, 
R2) & 
 tb   t1  te & tb  t2  te & t1< t2  R1 ≤ R2] 
 
By checking property VP1, one can verify whether the 
effective usage increases monotonically over a certain time 
interval. For example, when the four exogenous factors out to 
increase over the second half of the trace, the telecentre 
effective usage level will also increase gradually throughout 
time [3,12]. 
 
B. VP2: Monotonic Decrease of Effective Usage for Any 
Telecentre Operation When Inconsistent Programmes 
Exogenous Factors Have Been Implemented.  
When the inconsistent programmes occur for ICT 
programme and external support, and low impact social and 
economic policies have been implemented throughout time, 
then it will reduce the level of telecentre effective usage in 
future. 
 
VP2  :TRACE,t1,t2:TIME,D1,D2,E1,E2,F1,F2,G1,G2,H1,   
H2:REAL,X:AGENT 
    [state(, t1)|= ICT_Programme(X, D1) &   state(, t2)|=      
    ICT_Programme (X, D2) &   state(, t1)|= External_Support(X,E1) &    
    state(, t2)|= External_Support (X,E2) &   state(, t1)|=  
    Socio_Policy(X,F1) &  state(, t2)|= Socio_Policy (X,F2) &  
  state(, t1)|= Economic_Policy(X,G1) &  state(, t2)|=  
  Economic_Policy (X,G2) &   state(, t1)|= Effective_Usage (X,H1) &   
  state(, t2)|= Effective_Usage (X,H2) &  t’ > t  & 
   D1 ≥  D2 & E1 ≥ E2 & F1 ≥ F2 & G1 ≥ G2]   H1 ≥ H2 
 
Property VP2 can be used to verify telecentre effective 
usage condition when the exogenous factors (e.g., ICT 
programme, external support, social and economic policies) 
that cause effective usage of telecentre operation are 




In this paper, an approach to model behaviors on 
telecentre’s effective usage is presented. The computational 
model was simulated using three different cases that describe 
the level of positive and negative contribution towards 
telecentre’s effective usage over time. The simulation traces 
exhibit patterns that are consistent with reports found in past 
literatures.  The resulting model can be considered as an 
alternative method to analyze a telecentre's effective usage 
when various scenarios occur.  This could also provide a basis 
for conducting an inception study to understand the working 
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